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EUfUJAHV 


Presented io a procedure for using the FLIBSSTAB External Structural Influence 
Coefficients (ESIC) computer program to produce the structural data necessary for the 
FL2XSTAB Stability Derivatives and Static Stability (SD3SS) program. The SDaSS pro- 
gram computes trim state, stability derivatives, and preccure and deflection data for 
a flexible airplane having a plane of symmetry. The procedure uses a HASTRAH finite- 
element structural model as the source of structural data in the form of flexibility 
matrices. Selection of a set of degrees- of freedom, definition of structural nodes 
and oanels , reordering and reformatting of the flexibility matrix, and redistribution 
of existing point mass data are among the topics discussed. Also discussed are bound 
ary conditions and the HASTRAH cubstructuring technique. 


INTRODUCTION 


Large modern aircraft structures are frequently quite flexible and produce large 
flexibility effects on aircraft stability derivatives and aerodynamic loads. This 
situation makes the design of such aircraft difficult because the techniques used for 
the analysis of these structures must be able to accommodate the effects of flexibi- 
lity on the analytically derived load3 and stability derivatives. 


Definltiona 


Some of the concepts ueed in the WASTRttVFLEXSTAD procedure ere aerodynamic end 
structural models, ctructural nodes end GRID points, slender and fchrn bodies, An<: * 
flexibility matrices* Aerodynamic and structural node Is are mathematical descrip- 
tions of the airplane. Aerodynamic models are used by the FLEXSTAB program to com- 
pute the aerodynamic pressures on each part of the airplane at a given set of flight 
conditions* Structural models are used by the HASTRAH program to compute the defor- 
mations of the airplane that result from an applied lead distribution (such as the 
aerodynamic pressures computed by FLEXSTAB). Structural nodes (used in FLEXSTAB) and 
GRID points (used in HASTRAH) are geometrical points located on the structural, model 
of the airplane. When loads are applied to these points, the structure will deform 
in a predictable and calculatnble way. Structural nodes will allow translational 
deformation of the structure in three orthogonal directions, whereas GRID points will 
allow these translational deformations and will also allow rotational ac formations 
about these three directions. Slender bodies are used in the aerodynamic model to 
describe parts of the airplane that resemble a body of revolt ion, such as fuselages, 
nacelles, and external stores. Thin bodies are used to describe the relatively fj.at 
parts of an airplane, such as wings, fins, and tails* The flexibility matrix is a 
square matrix that contains the structural deformations of all structural nodes that 
result from unit loads applied individually at each ctructural node of the airplane. 


Assumptions and Recommendations 

This procedure requires that the reader has some familiarity with the FLEXSTAB 
and HAS TRAN computer programs and that FLEXSTAB aerodynamic models and HASTRAH struc- 
tural models of an aircraft are available for use. These models can be quite inde- 
pendent of each other, but there should be structural elements in HAST RAN for all 
aerodynamic bodies in the FLEXSTAB model and the cams coordinate systems should be 


used for bo tit • A oourco of distributed macs data ahould ba available. It io recom- 
mended that all bodies with significant mass or otrucfcural properties bo preaunt in 
tho models , oven if they are not usually nc-coonary for the typo of analysis porf oread. 
For example, the vortical tail should be included, even in a oyir.se trie -only cnalyoio, 
to properly account for the inertial forces caused by its noos. 

Tha FLE2CSTAB ays ten of aoroalactic analysis profjrnzm pa mi ts the analysis of flex- 
ible aircraft structures, vhio oyotem has a structural modeling capability of its 
ownj but because- it is relatively simple, n.EXS'fAO also allows use of an alternate 
structural modeling technique using matrices to doocribe tho structural properties of 
an aircraft. Any structural on-alysis trethod nvay ba adopted to generate the struc- 
tural matrices. This report explains how to use VkSTPJfM structural models to produce 
the nooeesary rcitrices arid hot* to incorporate this structural information into the 
FLEX STAB oysters. 


COMPUTER PROGRAM DES-CRIPTIORS 


FLEXSTAB io a eye tow of computer programs used for modeling aircraft aerodynamics 
and structure and for analyzing aircraft stability and loads (rof. 1). Aerodynamic 
modeling io accomplished by defining geometry and then deriving aerodynamic influence 
coefficients by using the FDEXSTAE Geometry Definition (GD) program and the FLEXSTAB 
Aerodynamic Influanse Coefficients (AIC) program. Structural modeling ia accom- 
plished by generating flexibility and mass distribution information by using KASTOAH 
and other non-FLEXSTAH programs; and then defining ctructuru and deriving structural 
influence coefficients by using tho FLEXSTAB External Structural Influence Coeffi- 
cients {ESIC) program. Aircraft otr.hility derivatives, surface pres curse, and otruc- 
tural deformations arc obtained by using tho FLEXSTAB Stability Derivatives and Static 
Stability (rOTiCij) program. 


HASTR&K in e genera 1-ourpoo o, finlte-olesnant computer program for structural ana- 
lysis (ref. 2)* it is especially suitable for analysing conplo:; aircraft structures 
because it ie designed to handle wry large structural tiedois. The user-oriented 
modeling cyatcw ir, an important characteristic of the program. V ASTRAU can product 
flexibility catriccs for both synsetric and flntioyi^stric bcundi ry conditioner and 1 a 
the structural nodal is accurately ciscd, HASTRAH can produce n oat of the jsaos- 
dictribution data required by FLEXSTAB • 


ESIC IMPUT REQUIRE! iENTS 


A conpariccn of the FLEXSTAB aerodynamic nod el geometry with the HASTRAN struc- 
tural model geonetry is necessary to select a set of structural nodes for ESIC* ESIC 
structural bodies are defined in the sane order as their corresponding aerodynamic 
bodies in the FLEXSTAB GD program* A set of GRID points extend: ng aporoxina tely from 
the nose to the tail of tho FAS TRAIT fuselage should be selected as ESIC structural 
nodes i or the funelage olendor body. For come modulo, it may prove convenient to 
define a set of extra GRID points along the fuselage ne an centerline, and connect 
these points to the fuselage structure using nulti-poi::t constraint (HPC) cards, 
frulti -point constraints cause a specified point to deforn in a particular direction 
based on tha deformations of several other points. 
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Ttva ESIC ctructural rcprcscsjfcntiQsi for thin bodies consists of structural ncdec 
6Rd n cathod of connecting those nodes to fcru oithor triangular or quadrilateral 
panels. CHID points along leading and trailing edgso and along min opnra should be 
go lee ted as ESIC structural no&ao for thin bedien, using about tho cans* numhor of 
ctructural nodes no thoro ere aerodynamic parole. 

The choice, of triangular or cuadrilatoral structural panolo ic dictated by struc- 
tural rather than aorcdynaiaic conoidorationo; i.o., the chape of structural panels ie 
completely independent of the chape of aerodynamic panoln. Unusually large struc- 
tural parole should be split into a number of ocellar panels by tho addition of a few 
rsora ctructural nodes vhcrevar possible, and panels that are considerably larger in 
one dimension than in another chculd ba avoided. 

Each body has its o ;m local coordinate eye ten in uhich the geometry of the body 
io dm fined. Slendar-body axes are all parallel to the FL32&TAD basic coordinate sys- 
tem. Tho n-anis ia a horizontal vector pointing froa the nose toward tho tail. The 
y-asio is a horizontal vector perpendicular to the x-axirj and pointing from the plane 
of eynr-efcry toward the right uing tip. Tho s-nnio ic perpendicular to both x- and 
y-aiioa and points up (right-hand rule)* Tha x-coordin&tes of the a) ^ndcr-hcdy nodes 
aro input from tho smallest to the largest value; the y- and z-coordinates of tho 
c lender body are the cane for all nodes on tho body. 

For thin bodies, the x-nnif? io a horizontal vector in tha lifting plane of the 
thin body that ic parallel to tha plans of cyme try and points fro^ the loading edge 
toward tho traiJing edge. The y-c::io ic a vector in the lifting piano perpendicular 
to tha n-anic end pointing toward tho tin of the thin body. Tho s-nxin ic perpendic- 
ular to both the and y-ajioc and io tdiorofore. r-onaal to tho lifting piano. Its 
positive direction is found by use of tile right-hand rule. The nodes on thin bodies 
can bo in any order; their r- and y-coordiratco are input in pairs; the z -coordinate 
is zero. 


Selection of D'*grof o of Freedom 

The geometry of tho body and tho translational degrees of freedom are defined 
in tha local-amis system for ©ach body, but rotational degrees of freedom must be 
excluded. Each ctructural node can have up to three decrees of freedom, but all 
nodes on a body must have tha sane number and type of degrees of freedom.. 

For bodies on tho plana of uynnotry, the flexibility matrix chould include only 
those degrees of freedom for the desired typo of motion: symmetric or antisymmetric. 

The degrees of freedom for slender and thin bodies must ba ordered d :c , d y , d 2 for 

each node, in the ccisa order ec the structural node locations. All degrees of free- 
dom required for both ty»:«r. of cyrmstry should be included in the ESIC degrees of 
freedom set; the ESIC program automatically eliminates invalid degrees of freedom for 
all nodes on the plane of .^symmetry fer each of the cymru try conditions. 

The dogroo3 of freedom used in thn analysis are as follows: 

1. On the pie no of ayraetry: For the cyme trie flexibility matrix, . the FLEX- 
STAB d z degrees of freedom are used for slender bodies and d y degrees of freedom are 
used for thin fcodien, vrhero.ao for the antinyraatric flexibility matrix, d y degrees of 

freedom arc used for c lender bodies and d 2 degrees of frcccou are used for thin 
bodies. 


-d 

:A 
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2* Hot on tho plans of cynnotry: For both eynsntric and anticymotric flexibil- 

ity nstricea, dy and d 2 degrees of freedom are uecd for olendor bodies and cU dec?r«es 
of freedom are used for thin bodies. ^ 

The degrees of freedon used in ESIC ore those which appear in cither or both of 
the flexibility ca trices. The degrees of f readers used for each body in ESIC ore opec- 
ified in tho ^DEGREES CF FREEDOM card set for each ESIC body* The degrees of freedom 
that become part of tho flexibility emtrijs are controlled by EASTRAH ASET cards. 



Conn traints 

For clac!pad flexibility r*a trices, ESIC requires HASTRAH constraints that resist 
rigid-body notions of the aircraft. Tho clasnp point is the GRID point that has all 
six degrees of freedom set equal to zero by a single-point constraint (SPC) card. 
Single-point constraints cause a specified point to dsfora a known amount in a par- 
ticular direction. It is generally advisable to clasp the model at a single GRID 
point near the center of gravity on a relatively stiff part of the structure. How- 
ever, a GRID point can instead be located exactly at tho center of gravity, and its 

de for nation can be defined by using MFC cards. This extra point can then be used as 
the clamp point. 


Boundary condition® for oyanetric or antlayncatric notion require two different 
nets of SPC cards for GRID points on the plane cf oyrsajetry. For symmetric rotion 
all out-of-plane degrees of freedt u of GRID points on the plane of symmetry are net 
equal to zero, whereas for antisymmetric notion all in-planc dogreec of freedom of 
GRID points on the plane of symmetry are act equal to zero.. Thus, two octarate e«o- 
cutiono of HASTKAH are required to produce both cynnatric and antisymm^tri r fle;:5~ 
bility matrices. 


Flexibility to trices 


ESIC always reqvircs a clamped flexibility matrix 
the aircraft structure to syasatric loads, a separate 
recessary for representing reactions to anti ay metric 
NASTY, converts flexibility na trices from the internal 
NASTRAH to the order required by ESICo 


representing the reactions of 
flexibility matrix in often 
leads • The FORTRAN program., 
degrec-of -freedom ordering of 


HASTRAH STRUCTURAL DATA 


Two inp f rtant structural data can be obtained from NASTRAH: the flexi- 

x^ity matrix and the oass matrix. Both of tho matrices are available from Rioid For- 
mat #1, commonly called STATICS, 9 program that produces static reactions of a^truc- 
ture to applied loads. STATICS is requested in the HASTRM-1 executive control dock. 
Generally, the UASTRAM order of the degrees of freedom for the flexibility matrix is 
from the smallest GRID point number to the largest, with the degrees of freedom" for 
..chauD point in tho foilooln, ord.r. T1, ra, T3, R2 , on I n3 (or ,2345~. A 

“““» nnooonj tho aMTOW «*, of the doorcoo of trooflon c„ bo obtolnnd „1» tho 
DXAG card m the executive control deck. Two KA8TRAK executions are required to 
produce tne symmetric and the antisymmetric flexibility matrices, whereas the mass 
*? tri w‘., lC present) can be produced during either execution. Tho diagonal of the 
f-exibility matrix should be examined for unusually large values (greater than about 




’ , 



0.10 for relatively flexible aircraft; greater than about 0.010 for otiffer aircraft). 
The caco catrix can only be obtained if the NASTRAH roods 1 is dimensionally detailed 
and if macs densities have been opacified for all elements. The diagonal of the maco 
matrix is the data of interest for input to ESIC. 


NASTRAN SUBSTRUCTURIWG NOTES 


When an airplane structure is too large to put into the computer as a single 
structural model, the structure may be divided into smaller parts (substructures) 
and entered into the computer separately. The substructure technique requires two 
typoc of executions. The Phase 1 executions enter the data from each substructure. 
The Phase 2 execution then combines this data from all substructures to form the 
entire airplane structure. In Phase 1 executions, the ASET cards must include all 
FLEXSTAD degrees of freedom desired for the flexibility matrix and all unconstrained 
boundary (or substructure connection) degrees of freedom. All degrees of freedom in 
the Phase 2 analysis set are in the NRSTRAH basic coordinate system, which i 3 a 
parallel system to the FLEXSTAD basic coordinate system. For thin bodies with con- 
siderable dihedral (+ cr -), a transformation of the Phase 2 matrices may bo required 
to provide degrees of freedom in the FLEXSTAD local-axi 3 system. The flexibility 
matrix is output from the Phase 2 NAS TRAN execution. 


ESIC DATA PREPARATION 


The data needed for ESIC are a set of point masses for the vehicle, a KASTRAH 
structural model, and- a FLEXSTAD aerodynamic scdel. The FLEXSTAD aerodynamic model 
is composed of one or more slender (shell) bodies, and one or more thin (lifting 
surface) bodies. These bodies are numbered differently in the GD and the ESIC decks 
(figs. 1 and 2): 


Body Ware 


Eody Number 


GD ESIC 


Fuselage 1 
Interference body 2 
Lower vertical tail 3 
Upper vertical tail 4 
Inner wing 5 
Outer wing 6 
Horizontal tail 7 


1 

2 

3 

4 

5 

6 


In ESIC, the interference body is ignored.. The following sections present a step-by- 
step procedure for generating the necessary input to the ESIC module. A simplified 
ESIC model (fig. 3) is used to generate the entries in tables 1 through 3. 


ESIC Node Identification 

or ESIC node identification, it is necessary to generate a plan view of tho 
WASTE AN model with numbered GRID points, such as in figure 4, and select a set of 
GRID points for each ESIC body. The selected set should have about the same density 



CO the aerodynamic paneling used in the FLEX STAB GD isodel (oee fig. 1). Fcr none 
caoeo, where the structural nodal io oonewhat oinpler than the aerodynamic ntodcl, 
extra GRID point© and structures nunt be added to the NASTRAN model to achieve a 
reasonable density of structural nodes. On thin bodies the selected points must be 
connected to form structural panels. All panels on each body should bs of about the 
same size. Output coordinate-system anas for HA ST RAN GRID points should be oriented 
parallel to the KSIC local-coordinatc-oyetcm axes for each body. A list should be 
made of the selected GRID points (table 1) specifying: 

1. FLEXSTAB body number: Monotonically increasing, starting from one with one 

number for each slender or thin body. 

2. Component node number: Monotonically increasing, starting from one, for each 

body. Kod©3 on the boundary between two bodies must be included with the lover- 
n umbered body. 

3. ESIC degree-of-f reedon number: Monotonically increasing, starting from one, 

including all bodies in their FLEXSTAB order. Degrees of freedom for each node are 
listed in d x , dy, d 2 order. 

4. NASTRAN GRID ID number: From NASTRAN model plot or listing. 

5. NASTRAN degree-of-freedoa: 1, 2, or 3 for x, y, or z, respectively. 

G. NASTRAN order number: From NASTRAN DIAG 21 output. 

7. x and y-coordinates of the nodes in the local coordinate system of each body: 
These entries are entered or. ESIC card sets 23 and 29 (see App. A). 


ESIC Panel Identification 

For ESIC panel identification, the component node numbers (table 1 ) should be 
marked on the NASTRAN plan-view plot and a list of ESIC panel corner numbers should 
be made (table 2). The ESIC panels may be quadrilateral or triangular, but no 
strange shapes (i.e., panels vi< h angles greater than about 160° or less than 20°) 
should be generated. The component node number's should be listed in either clockwise 
or counter-clockwise order around the perimeter of each panel in the four columns 
(table 2). If the panel i 3 triangular the last column is left blank and if any of 
the nodes used to define A panel on a body are from an adjoining body, the number of 
the adjoining body should be noted in parenthesis behind the node number. The 
entries in table 2 are entered or. the ESIC card net 31 (see App. a). 


Flexibility Matrix Generation 

To produce the flexibility matrix, NASTRAN ASET cards (table 3) should be gen- 
erated by entering the NASTRAN GRID ID numbers and degrees of freedom on MAST? AN A*ET 
cards. Insert the ASET cards ir. the NASTRAN bulk data deck and add the following 
DMA? ALTER cards to the NASTRAN executive control deck: 


ALTER 73 $ 

SOLVE KLL, /ELL/ S 
DIAGONAL ELL/EDIAG/ ? 
MATRPN ELL,EDIAG,,,// $ 
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OUTPUT 2 ELL ##f f //C,R f -VCfM#11/C,H # FLBXMAT $ 

OUTFUT2 ,,,,// C,H,-9/C,H.11/ $ 

EtiDALTER $ 

Finally, insert a DIAG 21 card in the HR 5 TRAM executive control deck, and insert the 
following card in the oyster* control cards before the MRS THAI I execution card to create 
a disk file to contain the flexibility matrix to be generated: 

DEFINE ( UT 1 “FLEXMAT) 

The flexibility matrix will be generated by HASTRAM and written on the disk file 
FLEX MAT, The matrix and its diagonal will be printed in the HASTRAN output for use 
in checking individual data of interest* 


Matrix Reordering 

To be compatible with ESIC, the flexibility matrix generated by the procedure in 
the previous section must be reordered as follows: 

1, List the ASET order number (column A fron the DIAG 21 printout) as the NASTRAN 
order number in the ESIC node identif ication list (table 1)* 

2, Funch a deck of monotonically increasing numbers, FORMAT (13), one per card, 
for each ESIC degrae-of-f reedca number (tabic 15* Sort the deck of ESIC degree— of — 
freedom numbers, using the KASTRAN order numbers , and run the FORTRAN program HAST? 
(w/HASCOH)# using this deck as input (the deck setup is sho-tai in appendix D) « 


ESIC Deck Setup 

Follow the instructions of reference 1, pages 11-1 to 11-49. For static aero- 
clastic loads analysis, the following card sets are used: 

$CASE 
$ GOT APE 
$ OPTION 
^DEGREES 
$ SLENDER 
$ SCALE 
$THIN 
$SCALE 
$EKD 
$EXIT 


Hass Data Generation 

Masses are located at structural nodes ana are input in the sane order as the 
structural nodes. Generally, the mass data available will not coincide with the ESIC 
node locations. FORTRAN programs FUMAS and REM AS are used to produce the appropriate 
mass cards for $ SLENDER and $THIN data groups, respectively. To produce slender-body 
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maos data cards for ESIC, nn input dock in cefc up for FUMAS as follows (the deck 
setup is ohown in appendix C)i 

1 . Take the $SLEtiDER deck for ESIC. 

2. Re rove the $SU2IDER card.. 

3* Add tho number of input mac sea, FORMAT (F10.0), to colurona 31-40 of ESIC 
card 22. 

4. Add the input naca deck, FORMAT (2F10.0), with each trass n&gnitude and its 
x-coordinate paired on a single cord , to the end of the inpat deck. 

If the program is executed for each slender body, this will produce punched ESIC nuc3 
cards for each slender body, due to its own was s. 

To produce thin-body nano data cardrj for ESIC, an input deck is set up for REMA5 
ao follows (deck setups are ohovyn in appendices D and E): 

1. Punch the number of ESIC bodies for FIEMAS on the first card, FORMAT (II). 

2. Add the $SLEHDER deck for ESIC (except for mass and $?CALE cards) and the 
$THI!J deck for ESIC (except for mcs and $SCAEE cards). 

3. Add a card with the number of input nasoso, FORMAT (13). 

4. Add the input deck, FOPiLAT (3F10.0), with each i?ac3 magnitude, and :c- 

and y-coordinnte on a single card, to the end of the input dock. 

This will produce punched ESIC mass cards for both slender and thin bodies, due to 
thin-body mansea. 

The euigs cards for the Blender body, punched by both REMAS and FUJIAS, are for the 
same net of slendnr-body nodes. The mass in each field of each card punched by REMAS 
r.U3t be added to the nans in the same field of the corresponding card punched by 
F Ur IAS. The resulting total maos for each node must be punched into the rams field cn 
the corresponding new cards foi input to ESIC. 


ESIC EXECUTION 


To execute the program, insert the isaco carda produced frora the procedures 
described in the previous section into the $SLENDEft and $THIrJ sections of the ESIC 
input deck and make an initial run using the RIGID option. The flexibility matrix 
file (MASTAP) is not required. This execution of ESIC will produce the total mass, 
center-of -gravity location, and total vehicle mordents of inertia for the distributed 
masses input. If necessary, adjustments to the fuselage masses are made to adjust 
the x-location of the center of gravity, and, if desired, adjustments can be made to 
the z -reference location of the fuselage to correct to the z -location of the center 
of gravity. When the mass distribution produces an acceptable ccnter-of-gravity 
location, execute ESIC using the STATIC-ELASTIC option to produce the necessary input 
to FLEX5TAB SD&SS for the aeroelastic analysis. 


LiiiASar 
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•CABLE 1 . — ESIC KOBE IDEIJTIFICATIOH LIST 


'X 

FIjEitSTAB 

body 

nutabar 

Component 

node 

nurdjor 

ESIC dcgroct- 
of-f readon 
nutobar 

IJASTUAN 
fiUID ID 
number 

t!AST!Uttl 

clegreo-ol: 

freedom 

IUlOTHAIS 

order 

number 

X- 

coor- 

dinatc 

y- 

coor- 

dirmte 


1 

1 

i 

3000 

3 

23 

55.0 




2 

2 

3053 

3 

24 

348.0 


■ A 


3 

3 

3113 

3 

26 

625.0 


•v‘ f 


4 

4 

5293 

3 

39 

969.0 


'J • 


5 

5 

5173 

3 

38 

1250.0 


' A 


6 

6 

5133 

3 

37 

1 400.0 


.1 


7 

7 

5000 

1 

36 • 

1595.0 



2 

1 

8 

4270 

3 

35 

1469.0 

136.0 

; 'i 


2 

9 

4250 

3 

34 

1562.0 

136.0 



3 

10 

4180 

3 

33 

1679.0 

136.0 


3 

1 

11 

4150 

3 

32 

1577.0 

225.0 



2 

12 

4130 

3 

31 

1654.0 

206.0 



3 

13 

41 CO 

3 

30 

1702.0 

207.0 



4 

14 

4060 

3 

29 

1 647*0 

282.0 



5 

15 

4020 

3 

28 

1701 .0 

202.0 

X' 


6 

16 

4010 

3 

27 

1727.0 

282.0 


4 

1 

17 

3110 

3 

25 

625.0 

78.0- 

•I: 


2 

18 

1490 

3 

10 

969.0 | 

\ 145.0 

>; 


3 

19 

1320 

3 

8 

1231 .0 

| 149.0 

. < 

5 

1 

20 

1450 

3 

9 

976.0 

233.0 



2 

21 

1290 

3 

7 

1152.0 

305.0 



3 

22 

1210 

3 

5 

1273.0 

356.0 



4 

23 

1240 

3 

6 

1341 .0 

222.0 

■ t 


j» 

24 

1130 

3 

3 

1400.0 

409.0 



6 

25 

1160 

3 

4 

1456.0 

298.0 

>■ 


7 

26 

1010 

3 

1 

1564.0 

477.0 

~r 


8 

27 

1040 

3 

2 

1618.0 

406.0 

4 

6 


28 . 

2270 

2 

21 

1489.0 

11.0 

i 


1 

29 

2270 

3 

22 





2 

30 

2200 

2 

19 

1693.0 

11.0 



2 

31 

2200 

3 

20 





3 

32 

2090 

2 

15 

1638.0 

173.0 



3 

33 

2090 

3 

16 



/ 


4 

34 

2120 

2 

17 

1730.0 

109.0 

» 


4 

35 

2120 

3 

18 





5 

36 

2010 

2 

1 1 

1726.0 

269.0 



5 

37 

2010 

3 

12 





6 

38 

2040 

2 

13 

1789.0 

269 * 0 

V* 


6 

39 

2040 

3 

14 




15 




TABLE 2. — ESIC PAH EL IDENTIFICATION LIST 


Rody nupbar 

| Component node numbers 

(adjoining body numbers) j 


Node A 

j node b 

node C 

j Node D 

2 

6(1) 

7(1) 

2 

1 


7(1) 

3 

2 


3 

1(2) 

2(2) 

2 

1 


2(2) 

3(2) 

3 

2 


1 

2 

5 

4 


2 

3 

6 

5 

4 

3(1) 

4(1) 

2 

1 


4(1) 

5(1) 

3 

2 

5 

1(4) 

\ 2(4) 

1 

- 


2(4) 

3(4) 

2 

1 


3(4) 

4 

| 3 

2 


4 

G 

! 5 

3 


; 6 

8 

i • 7 

: 5 ; 

j i 

I 6 

1 

2 

4 

3 ' 

| 

3 

4 

6 

! 

- 5 \ 
tmm.m ■ irjr *v t » rrnrn.'^-^ wzrxmtMtf 


TA3LE 3. — ASET CARDS FOR THE HASTRAH DECK 


ASET 

3000 

3 

r — " " 

3053 

5 

3113 

3 

529. 

1 

ASET 

5173 

3 

5133 

3 

5000 

3 

4270 

1 3 | 

ASET 

4250 

•J 

4180 

3 

4150 

3 

4130 

3 

ASET 

4100 

3 

4060 

3 

4020 

3 

4010 

| 3 

ASET 

3110 

3 

1490 

3 

1320 

3 

1450 

3 

ASET 

1290 

3 

1210 

3 

1240 

3 

1130 

3 

ASET 

1 1 GO 

3 

1010 

! 3 

1040 

3 

2270 

23 

ASET 

2200 

23 

2090 

i 23 

2120 

23 

2010 

23 

ASET 

2040 

23 


I 



1 



i 

























